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COMPRESSED AIR SANDING HOUSE, NORTHERN CENTRAL RAILROAD, SUNBURY, Pa 
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 LIDGERWOOD M'P’G CO.. 
$ Bost Chi Q 
« Philadelphia. 96 Liberty Street, reied: tee. 5 
é Cleveland, O. New York. New Orleans. ; 
« ‘ 

STANDARD ; 
é Cableways, : 
; High-Speed ; 
. * e 
: ae Hoisting §; 
§ «Hoisting : 
: . AND ; 
: Engines. ; 
é Built on the Conveying 
: Duplicate . 
< Part System. Devices, 





For Canal and Trench Excavating, Dam Construction, Wall and Pier Building, Mining, 
Quarrying, — and General Contract Work. 
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rISke brothers Relining Go. 


NON-CARBONIZING OIL_-~ 


FOR USE IN AIR CYLINDERS OF 


<__ AIR COMPRESSORS, 


Also All Grades of Lubricants for use on Machinery 
Propelled by Compressed Air. 


_——-1 oo ee - 


OFFICE AND SALESROOM, No. 59 WATER STREET, 
reme snemers NEW YORK, U. 8. A 
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"patent Sand Blast Machinery 


For removing the 
Scale from 
Castings, Structural 
Iron Work and 
metals of all kinds. 


SEND FOR CATALOGUE 


wt 
Edgar T. Ward & Sons, 


23-25 PURCHASE ST., 
BOSTON, MASS. 


z 
GEORGE NASH & 60., 


24 SO.CLINTON ST., 
CHICAGO, ILL. 
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Compressed Air Mine Haulage. 


Safe from fire, handier, more reliable and more economical in installation 
and operation than other systems; adopted by representative anthracite and 
bituminous collieries after exhaustive examination. On dona fide request of 
mine owner or superintendents, or other prospective buyer, we will mail free our 
8th Edition, 216 page catalogue, of steam, electric and pneumatic locomotives. 
To accommodate correspondents not in the market for locomotives, a copy will 
be mailed on receipt of 50 cents in stamps. 

Address mentioning ‘“‘CoMPRESSED AIR.”’ 


H. K. PORTER CO, 540 Wood St., Pittsburgh, Pa. 
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National Tube Works Company, 


MANUFACTURERS OF 
Standard Steam, Gas and Water Pipe. 
Locomotive and Stationary Boiler Tubes. 
Special Flanged Pipe for Compressed Air. 
Pump Columns for Mines. 
Special Light Lap-Welded Pipe, fitted with the Converse 
Patent Lock Joint for Water and Gas Mains. 


Cylinders with Dished or Flat Heads for Carbonic Acid 
and other Gases. 


NEW YORK OFFICE, HAVEMEYER BUILDING. 
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™ PULSOMETE PUMP 
“The Contractor’s Friend.” 


OFTEN IMITATED—NEVER EQUALED. 
OVER 20,000 IN USE. 
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Recent Important Improvements. 





The Handiest, Simplest and Most Efficient Steam Pump for 
General Low Service Mining, Quarrying, Railroad, Irrigating, 
Drainage, Coal-washing, Tank-filling, Paper Mill, Sewer and Bridge 
Contractors’ Purposes, etc., etc. 


Muddy or gritty liquids handled without injury to the Pump. 





PULSOMETER STEAM Pump Co. 


Catalogue on Application. Correspondence Solicited. 


135 GREENWICH STREET, NEW YORK. 
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RON RUBBER WORKS. FACTORIES: AKRON, OHIO, U.S.A. 


NEW YORK: CHICAGO: SAN FRANCISCO: 
66-68 Reade Street. 143 Lake Street. 35 New Montgomery Street. 


Rubber Goods_. 


OF FINE QUALITY, 
| HOSE FOR ALL PURPOSES. Q 


AIR HOSE for Rock Drills, Compressors, ILLUSTRATED 
Mining Machines, Pneumatic Riveters, etc. CATALOGUE. § 


The B. IF. Goodrich Company. 
AK 








STEAM HOSE, Etc. 
{ Belting, Springs of all kinds, Valves, Gaskets, Rings, Packing, etc., etc. 
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Do You Roast Your Ores: ?: 


YOU CAN SAVE 
Fuel, Cost of Repairs and Labor 


BY USING ~ 


The Ropp Straight Line Furnace. 











FOR SALE BY 


PARKE & LACY CO., 


, 2) & 23 FREMONT STREET, - SAN FRANCISCO, cAL. 


SOP NDE 1 GE@ 9S 1S OS 1S OS NDS OD F< OD 1< OD 1< OD << OO NK< 6: 





BD DOS 8S OS 8G OS BGS OS F< OD 1S ODS SESE SESE OES OS2SOHS1SOHSED 


Sole Licensees. Catalogue upon Application. 
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The New System 


| OF EDUCATION 


Mechanical | 
Engineering 


Electrical, Civiland Min- 
ing Engineering , Drawing, 
Surveying; Chemistry, 
Plumbing; Architecture, 
Bookkeeping: § Shorthand, 
English Branches 
TAUCHT BY MAIL. 
” " Over 50 Courses. | 
We none ~oe le thousands to better positions | 
and salaries. Send for free circulars, stating 
the subject in which you are interested. | 
THE INTERNATIONAL CORRESPONDENCE SCHOOLS, 

Box 1182, Scranton, Pa. | 
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| q abating 
Bess 


PUM) 


Used for lubricating 
Air and Steam Cylin- 
ders, and Main Bear- ¢ 
ings of shaftson large 
Hoisting Engines, pre- 
vents them from get- 
ting hot. When engine 
stops, cup stops feed- j 
ing. 
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ACETYLENE: 


All about the New Lighting Gas, for 
factories, stores, homes, churches, 
McCANNA BROS., &c. Make it yourself cheaply. For t 
57 WELLS ST.. free book address + 
Cuicaco, Iir. § % Pall-Americal Acetylene Co, Buffalo, N.Y. = 
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* DO NOT CONFOUND « & 
x a & THE MERRILL 


COMPRESSED AIR PUMP 


with the Air Lift System of pumping where 
air and water are discharged, and where 
conditions govern its use. 





With the Merrill System there is no air 
passing through the water pipe. A solid, 
steady stream is delivered to any point or 
elevation from any desired source. 


SUITED TO ALL PUMPING REQUIREMENTS 
Sold subject to trial and return if not 
satisfactory. 





Any make of Air Compressor can operate them. 


” MERRILL PNEUMATIC PUMP CO., 
WRITE FOR CIRCULAR F. 144 Broadway, NEW YORK, 
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: COMPRESSED AIR TOOLS. 


SB Pneumatic Motor Hoists, Dritts, . 

“ri 

a Reamers, Tappers, Crane Morors, 
Center GRINDERS, ETC., ETC. ..... 
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DRILLS MADE IN FOLLOWING SIZES: 


00. -capac city . <r weight...... 4 lbs. 

ant eee 104 lbs. 
0 extra Pe ee tina SS © se cteneed 15. Ibs. 
| See ae re > ee OSes SO TE 
1 extra i ee ' oe mr ree 49 lbs. 


PNEUMATIC MOTOR HOISTS. 


é 

é 

$ 

‘ 

é 

é 

$ 

$4 HOISTS IN THE FOLLOWING CAPACITIES. 
$c CLASS A. Differential. 
; 

: 

$ 

é 

: 


1,500, 3,000, 5,000 and 10,000 lbs. 
Length of Lift per minute 10 to 138 feet. 


CLASS B. Quick Acting Friction Brake. 


800, 1,500 and 2,500 lbs. 
Length of Lift per minute 28 to 36 feet. 


EMPIRE ENGINE & MOTOR CO., 


OFFICE AND WORKS: 


ee eT 


ORANGEBURGH, N. Y. 





CORRESPONDENCE SOLICITED. 


= 


We 90:00 





6 


COMPRESSED AIR. 





Ss Sy Sy Sy Sy By, Wy Sy QQ QQ TJ SS BW, B&Q BQ BQ ASQ 
j poaDS>: PSSDSDSSDPDDDDDODOdD=S 


“COMPRESSED AIR” P’susee, 
a eN 

















Y M4 
\ 
a%e, 
This is the only publication devoted to the useful application - 4 
of compressed air, and it is the recognized authority on all W 
matters pertaining to this subject. ete, 
\W 
—, __NOW IN ITS FOURTH YEAR. _ {SV7 
abe, 
= - ~~ WW 
RATES OF SUBSCRIPTION. > Se OS bf 
\/ 
United States, Canada and Mexico, per year, $1.00 rs 
All other Countrics, = 1.50 6S 
Single ¢ opies 10 4 
sere, 
W, 
+ 
SPECIAL * © ss © © & iste, 
Clubs of ten subscribers, . : . ‘ ‘ , . 5.00 ee F 
The attention of Engineers, Superintendents, Railroad Master Mechan- N\ 
ZN ics, Manufacturers of Compressed Air Appliances, Students, and all ate, , 
KN others whose association with compressed air require the widest Y 
a knowledge of the application of air power is called to this Special ete. 
4 Rate. It enables them to place the mayazine in the hands of opera- SN! 
7 tors of compressed air apparatus by club subscriptions at an extremly ever 
Yeas. low cost. Wi 
a » 4 
yy Y 
**\ LIST OF BOOKS ON COMPRESSED AIR. t 4 
4) J 
rege’ Volume No. 3, “ Compressed Air,” ‘ : F . cloth, 2.00 >) 
i : ; ‘ : a rele 
KN\ March, 18908—February, 1890, inclusive.—The twelve numbers of ! 
=< ‘Compressed Air,’ which make up this volume are profusely illustra- 
LAS ted with fine half-tone engravings and line cuts of a large number of \ 
ea important applic itions of compressed air. The articles contained in eee, 
4) the above have been widely quoted and treat upon a varied collection ! 
'@—_?* . * 
a of air power subjects ate, 
aN] This volume is valuable for these who contemplate the use of com- i 
HW pressed air, and are investigating its advantages. evs 
ae) Y 
A , Compressed Air Production, by W. L. Saunders, 2 cloth, 1.00 reyes 
rege’ Compressed Air Production or The Theory and Practice of Air Com- 24 
7) pression. Just published. By W. L. Saunders. <A practical treatise ) 
"eee" on alr compression and compressed air machinery. It contains rules, p a 
a\ tables and data of value to engineers /) 
eee + 
~ r m +s bs a*%e 
Pp Compressed Air, by Frank Ricbards, : : _ cloth, 1.50 y » 
aim Compressed Air, by Frank Richards. Contains practical information ete, 
KANN upon air compression and the transmission and application of com V 
- pressed air, ate, 
( ' 
ve ‘ =" a » 
4 Liguid Air and the Liquefaction of Gases, by Prof. T. O°Conor Sloane, 350 e%e, 
LAN pages, . . ‘ . a Mego | 
ais , ate, 
KAS Experiments upon the Transmission of Power by Compressed Air in Paris, V 
min by A. B. W. Kennedy, F. R.S.. M. Inst. C. E., Emeritus Professor of e%e, 
LN Engineering in University College, London. The Transmission and M 
aN Distribution of Power from Central Station by Compressed Air, by ey 
VES\ William Cawthorne Unwin, B. 8. C., F. R.S., M. Inst. C. E., > 50c. ; 
a*e, 
YN’ The Transmission of Power by Cownpressed Air, by Robert Zahner, M. E., soc. { 
Ww ; ; : WW 
Veaws Forwarded postpaid on receipt of price. J 
\)\ 
°° ; 
ASD 99 > , 
is ‘COMPRESSED AIR,”’ 26 Cortlandt st., 
New York. 
I, Zh, Ch, Di, OC», Cha, OC, Ch, Ci, Oh», Dh, Ch, Ci, Gh, Ch, Cin Ch 
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. 











COMPRESSED AIR. 7 


CAMERON STEAM PUMP%s. 


Simple, 
Compact, 
Durable, 
Efficient. 


NO OUTSIDE VALVE GEAR. 
















ADAPTED TO EVERY POSSIBLE DUTY. 





MANUFACTURED BY 


THE A.S. CAMERON STEAM PUMP WORKS, 


Foot East 23d Street, New York. 
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* An Important Connecting Linkin Compressed Air Service. 


THE 


Moran Flexible Joint 


For high pressure, indispensable. 

Tightness, safety, flexibility and durability 
assured. 

Parties making experiments with Com- 
pressed Air may have the use of the “ Moran 
Joint” free for a limited time. 





MORAN FLEXIBLE STEAM JOINT CO., 


? - = na al > KENTUCKY. 
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ESTABLISHED 1858. 


“6 Our Name and Brand a Guarantee of Quality.’’ 


High Grade Rubber Goods. 


CHANNELING SPRINGS. 


BELTING. SPRINGS. 
TUBING. MATS. 
VALVES. MATTINGS. 
HOSE GASKETS. 
TUBING. PLAY PIPES 





LINEN AND COTTON HOSE. 


NEW JERSEY CAR SPRING & RUBBER COMPANY, 
MAIN OFFICE AND WORKS: 
Wayne and Brunswick Streets, Jersey City, N. J. 


BRANCH OFFice: 10 BarcLay St., NEw York. 














Compressed Air. 


& MONTHLY PUBLICATION DEVOTED TO THB USE- 
FUL APPLICATION OF COMPRESSED AIR. 


W. L. SAUNDERS, - - Editor and Proprietor 
A. E. KENNEY, - - - - Managing Editor 
J. E. QUINTERO, - - - . - Associate 


Subscription, including postage, United States, 
Canada and Mexico, $1.00a year. All other coun- 
tries, $1.50a year. Single copies, 10 cents. 





Advertising rates furnished on application. 


We invite correspondence from engineers, con- 
tractors, inventors and others interested in com- 
»ressed air. 

Allcommunications should be addressed to Com- 
PRESSED AIR, 26 Cortlandt St., New York. 

London Office, 114a Queen Victoria Street. 

Those who fail to receive papers promptly will 

please notify us at once. 


Entered as Second-Class Matter at the New York, 
N. Y. Post Office. 
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Ten air cars are now operating on the 
Twenty-eighth and Twenty-ninth street 
lines of the Metropolitan Street Railway 
system in New York, and the experience 
derived from actual operation indicates 
their permanency, as they are fulfilling 
every claim that has been made for them. 

The statements made by engineers in 
charge are corroborated by motormen, 
conductors and passengers, and a careful 
investigation by interviews with the same 
shows that a most satisfactory state of 
affairs exists. 

A ride on the cars is a pleasant sensa- 
tion. They run exceedingly smooth and 
outside of a slight sound from the ex- 
haust there is practically no noise. 

The passenger is cognizant of the in- 
dependence of the car and the speed at- 
tained is sufficient for all requirements. 
The motormen on these cars are mostly 
men who have had experience in running 
electric cars, and they express no special 
preference to one more than the other. 


During the months of May and June 
the air cars were placed in service on 
Twenty-third street, which is equipped 
with the underground trolley system. It 
was here that their speed was tested with 
the electric cars, and they proved their 
efficiency. 

Under ordinary conditions, and with 
no incentive for the men employed to 
keep up any special speed, it was found 
that a car could be charged with air at 
the required pressure of 2000 pounds and 
the steam for reheating also injected with- 
in 4 minutes. 

This process takes place at the ter- 
minal, which is opposite the Pennsylvania 
Railroad depot, at the foot of West 23d 
street, where the compressor and storage 
plant are located. 

It would seem that, with everything 
equal in the matter of operating the sys- 
tem, there should be a decided show- 
ing in the economy of the air cars, for 
the reason that there is no expense cor- 
responding to such items as the main- 
tenance of overhead or underground trol- 
ley, which are said to be very great, and 
the cost of switchboards and the burning 
out of motors and sometimes the total 
demolition of cars. 

Similar accounts come from Chicago, 
where the Hardie motor has found an im- 
portant place on the North Clark street 
line. Recently one motor car pulled two 
trailers, and the three cars carried 300 
persons at one time. The trip referred to 
was made in the evening, after the car had 
run from Elm street, where it was last 
charged, in the early morning, to the 
limits barn, a distance of over two miles, 
and had remained about eighteen hours in 
the barn. It completed the trip with 600 
pounds pressure still on hand. 

It is fully demonstrated that air-cars are 
giving good satisfaction, and the many 
advantages they possess puts them in 
competition with the trolley systems. 











Miscellaneous Applica- 
tions of Compressed Air | 

















Compressed Air and its distribution for power 
purposes in the city of Paris; how it is pro- 
duced, its numerous applications and its cost. 


By Mr. V. Popp. 


History of the Enterprise. 

The world renowned compressed air 
system for power purposes which is now 
in operation in Paris was started in a 
very small and modest way. Its point 
of departure was the installation of a 
small compressed air plant in 1879. This 
plant was installed in the basement of a 
dwelling house situated at No. 7 St. Anne 
street with a view of supplying com- 
pressed air to a small circuit for the oper- 
ation of pneumatic clocks, and this was 
the first application of compressed air for 
this purpose. The machinery which was 
installed at that time consisted of two 
small steam actuated air compressors of 
6 h.-p. each. 

The receivers, pressure regulators, 
standard clock controlling all the pneu 
matic clocks and other apparatus con- 
sistent with the plant were installed on 
the ground floor; the main standard clock 
controlling all the pneumatic clocks on 
the compressed air circuit, which was at 
that time about three miles long, gave 
each pneumatic clock a compressed air 
impulse every minute moving the minute 
hand 1-60 of a revolution. In addition to 
these clocks, which were placed on the 
principal thoroughfares, and the results 
being so satisfactory, a large number of 
them were installed soon after the begin- 
ning of operations in a number of public 
buildings and private houses. 

In 1898 the compressed air installations 
of the Popp System comprised the fol 
lowing: 

1st.—One compressed air central plant 
of 8,000 h.-p., situated on the Quai de la 
Gare. 

2d.—One central station for the opera- 
tion of pneumatic clocks. 

3d.—One main pipe line, having a total 
length of 138 miles, this pipe line being 
placed underground and located in a tun- 
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nel, Of these 138 miles of main pipe line 
41 miles are operating the pneumatic 
clock service and 97 miles are for the 
supplying of compressed air for power 
purposes. In addition to the main pipe 
l:ine-there are over 20 miles of branches 
These branches conduct the compressed 
air to 955 power consumers and to 1,037 
establishments in which compressed air 
is used for the operation of pneumatic 
clocks. 

4th.—Compressed air furnished to con- 
sumers operate 1,600 h.-p. of engines; 
is used in addition for 163 other purposes 
than power, and in addition there are 180 
passenger and freight elevators all oper- 
ated by means of compressed air. 

5th.—The company owns and operates 
7,000 pneumatic clocks. As will be seen, 
great progress has been made since the 
installation of the small plant in St. Anne 
street. 


Qualities of Compressed Air. 

The report of Mr. Humblot, General 
Inspector of Public Works in Paris, con- 
tains the following: “There is no reason 
why power could not be transmitted by 
means of compressed air, and the theo- 
retical considerations on the subject have 
the tendency to give compressed air the 
preference above any other method ot 
transmitting power. Compressed air is 
not a source of power, it is only a medium 
for the transportation of heat, which heat 
can be retransformed into power. Thus 
there is a great difference between this 
kind of power transmission and other 
methods such as the transmission and 
transportation of power by means of wa- 
ter or electricity. Water is nothing but a 
purely mechanical medium between the 
piston of the pump supplying same and 
the piston of the motor operated by same 
It can be compared to a solid incompres- 
sible rod connecting two mechanical or- 
gans. Such manner of transmitting 
power presents many inconveniences and 
losses, and in no case can the power ob- 
tained by the motor operated by same be 
superior to the original power. 

“Electricity is a form of energy, same 
as heat, and can be transformed into me- 
chanical work, but here again the amount 
of power obtained at the further end of 
the line is always inferior to the power 
supplied at the starting point. As an elec- 
tric conduit can receive nothing but elec- 
tricity, the loss between starting point 











COMPRESSED AIR. 


and final point must be made up by 
means of electricity, if such loss is made 
up. Now, in order to produce electric 
power heat has to be first produced; this 
heat transformed into mechanical work; 
mechanical work into electricity, and it is 
evident that this combination of trans- 
formations is inferior to a system which 
allows the making up of losses direct by 
the addition of heat, as can be done with 
compressed air. In order to fully under- 
stand the principles of distributing com- 
pressed air it is necessary to know the 
fundamental principles of the mechanical 
theory of heat and which are as follows: 
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perature of 4° cent. for 1 kilogramme of 
air. The absorption or suppression of one 
calorie corresponds always to 425 kilo- 
grammetres of mechanical work pro- 
duced; the absorption of 425 kilogram- 
metres of mechanical work corresponds 
always to the omission of one calorie. 

“The above statement does not always 
exist in practice, and the role of the en- 
gineer consists in producing the above 
transformations from heat into work, and 
vice versa, with the least possible loss. 

“Should this be obtainable in practice, 
the efficiency of compressed air apparatus 
would be 100 per cent. 


een 2 
>. 1 ee 
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BOILER ROOM OF THE PARIS PLANT. 


“Any production of heat corresponds 
to the destruction of a power; any pro- 
duction of power corresponds to the ab- 
sorption or destruction of a_ certain 
amount of heat. 

“The unit of energy is the kilogram- 
metre, which represents the power neces- 
sary to elevate one kilogramme one metre 
in one second. The unit of heat is the 
calorie, and represents the necessary 
quantity of heat to elevate the tempera- 
ture of 1 kilogramme of water 1° cent. 
This corresponds to the elevation of tem- 


“Example-—One kilogramme of coal 
represents practically 5,000 calories; with 
goo grammes of coal a steam engine will 
produce practically one h.-p. during one 
hour, the one h.-p. being equal to 75 kilo- 
grammetres. As the hour is equal to 
75 X 3,600 
—_————- = 63 

42 


3,600 seconds, we can say 


635 


un 


5 


calories, and then = 14 per cent. 
5,000 X .9 
“Tt is well known that 800 calories are 
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lest through the smokestack; that 600 
calories are absorbed in condensation, 
and that the balance of the loss comes 
from radiation and absorption in general. 
Thus we are in a position to say that for 
the present, and until better apparatus for 
the generation of heat and steam are pro- 
duced, the steam engine in its present 
condition has reached an almost perfect 
stage; but, notwithstanding its low ef- 
fectiveness of 14 per cent., it is at present 
the only method of obtaining primary 
power. For air, however, we are con- 
fronted with a different problem. Aijr 
must be considered only as a reservoir for 
heat and a vehicle capable of transporting 
same. When air is compressed it forms 
a resistance, it absorbs power, and con- 
sequently it increases in temperature. 
When this air, after being compressed, re- 
gains atmospheric pressure through ex- 
pansion and mechanical work performed, 
its temperature will be decreased. 


“Suppose that air, after being com- 
pressed, would not lose any of its heat 
between the compressor and the place 
where it is used; that there would be no 


loss by friction or leakage; that the 
number of calories absorbed by the 
compressor and the number of cal- 
ories lost during the work of ex- 
pansion would be equal, then the 


efficiency of the air compressor would 
be 100 per cent. This does not take fric- 
tion of compressor into consideration. It 
cannot be obtained in practice, as we 
do not allow the air to absorb all the heat 
produced during compression. If this 
were done, the air would lose its heat 
by absorption and radiation in the pipe 
line and would decrease in volume and 
pressure. Excess of heat produced dur- 
ing compression is absorbed either by 
water injection or by water jacket circu- 
lation during the process of compression, 
and each calorie absorbed by the water 
corresponds to a loss of 425 kilogram- 
metres in the receiver, or an equivalent 
loss in weight of compressed air. 


“According to Pernolet, the amount of 


heat produced by compression and which 
should be absorbed during the process of 
compression is as follows: 

For two atmospheres—14 calories. 

For three atmospheres—23 calories. 

For four atmospheres—z29 calories. 

For five atmospheres—34 calories. 

For six atmospheres—38 calories. 

For seven atmospheres—4!I calories. 


“Suppose that we use water at 15 
degrees cent., and, furthermore, that the 
water would be discharged at 30° cent., 
each kilogramme of water would absorb 
15 calories, and for a pressure of seven 
atmospheres we would require 2.7 kilo- 
grammes of water per kilogramme of air 
admitted to air cylinder. 

“It will be seen later that one h.-p. 
being able to handle eleven kilogrammes 
of air, the practice and theory will agree. 
Thus, per nominal h.-p. of a steam en- 
gine, the amount of water required will be 
2.7 X II X 15 = 445 calories. 

‘In addition to the above loss of power 
during compression, there are several 
others which are secondary: 

Ist.—The contraction of the air, which 
will be discharged at 30° cent. into the re- 
ceiver and which will cool to 15° cent. in 
the main pipe line on account of radiation 
and absorption. This loss for 11 kilo- 
grammes of air per h.-p. will be equal to 

Ir X (30° — 15°) 





= 41 calories. 
“2d.—A certain amount of vapor remains 
in the compressed air and is carried with 
same into the pipe line. The quantity of 
vapor is hard to determine. We can, how- 
ever, count on about 10 grammes of water 
per cubic metre of air at atmospheric 
pressure; this corresponding to about 100 
grammes per h.-p., or, in other words, 61 
calories. 

*3d.—The quantity of water required for 
cooling, either by means of injection or 
otherwise, reduces the volume or capacity 
of the air cylinder. This is, however, of 
no consequence, principally when we con- 
sider that the injection water reduces the 
clearance to a minimum. Thus, we can 
say that the total loss of heat between 
the cempressor and the terminal point of 
pipe line amounts to 445 + 41 + 61 = 
547 calories. As we have used 635 calor- 
ies to compress the air and have a loss of 
547 calories during compression, etc., we 
can deliver only 88 calories to the engine 
or other apparatus at the further end of 
the pipe line. We know, however, that 
compressed air is a valuable receptacle 
for calories and that it will give them up 
when required to produce mechanical 
work, we can add calories to produce 
compressed air, and these calories will be 
given up and transformed into mechan- 
ical power or energy in addition to the 
original calories stored in the compressed 
air. Practice has proved that compressed 
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air will lose 65° cent. for a reduction in 
pressure of six atmospheres. Theory will 
bring the figures togo’ cent. We have thus 
for each kilogramme of air a reserve of 
15 + 65 





= 20 calories, and as each h,-p. 


4 
handles 11 kilogrammes of air the number 
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tical percentage of efficiency of the air 
compressor would be 48.6 per cent. If 
we consider, however, that the difference 
between the indicated and nominal h.-p. 
amounts generally to about 18 per cent., 
this loss being due to leakage, friction, 
dead-load of the engine, etc., for the steam 
engine itself, and that the air leakages in 
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of calories stored would be 220. Adding 
to this the 88 calories added by the work 
of compression, we find that 1 h.p. of com- 
pressed air will amount to 308 calories 
at end of pipe line; thus, using 635 calor- 
ies to do the work of compression, and 
obtaining 308 calories in work, the prac- 


the air pipe line amount to about 5 per 
cent., we can only count on a practical 
efficiency of 37 per cent. 
“This result being obtained without 
taking reheating into consideration. 
“Practical tests made by a commission 
appointed by the Ministry of War have 
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demonstrated that four 450 h.-p. air com- 
pressors have absorbed 38,000  kilo- 
grammes of free air and have produced 
16,000 kilogrammes of compressed air. 
The tests being made on short pipe lines 
without any leakages whatever, it will be 
seen that the practice agrees nearly with 
the theory, the effectiveness of the tests 
giving a result of 42 per cent., while the 
theory above mentioned should have 
called upon an effectiveness of 48.6 per 
cent. 

“The difference between theory and prac- 
tice is thus only 6 per cent. As air is a 
proper receptacle for the absorption and 
storage of calories at any stage during the 
compression before being used for power 
purposes, it is a very important subject to 
study as to how a certain number of calor- 
ies can be given to the air after compres- 
sion in order to make up:for all the loss 
due to cooling, leakage, etc. There is no 
limit to the number of calories which can 
be added to the air except that a too high 
elevation of temperature wants to be 
avoided, as it would prove either incon- 
venient or dangerous. We have seen 
above that there are only 88 calories out 
of 635 available during expansion at the 
terminal point. Thus, in order to obtain 
100 per cent. of power we ought to resti- 
tute 547 calories per indicated h.-p. 
Should we figure on nominal h.-p. we 
should add about 20 per cent. 


“This would bring the total number of 
calories required per nominal h.-p. to 762. 
Now. having seen that 11 kilogrammes of 
compressed air will store 88 calories, or 
in other words 8 calories per kilogramme, 
let us see in practice how many calories 
we can add to each kilogramme of com- 
pressed air by means of heat either in one, 
two or three stages before and during the 
work of expansion. It is easy while ex- 
panding to reduce the temperature of air 
150° cent. (with two expansions, a decrease 
of 300° cent.). This decrease in tempera- 
ture can be obtained while expanding the 
air in two cylinders, increasing its tem- 
perature 150° before letting it enter each 
cylinder. The total loss of temperature 
being 300° it represents a loss of 75 
calories per kilogramme of air, which, 
added to the 8 calories which the air was 
ready to give up ordinarily, the total 
number of calories absorbed will be 83. 

“We have said above that one kilo- 
gramme of coal represents 5,000 calories, 
and that to consume this coal we have to 
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lose 16 cubic metres of air at 400° in the 
smokestack, this being equivalent to 1,600 
calories, the loss will be 32%. In order 
to obtain the 5,000 calories with one kilo- 
gramme of coal we will have to add 
246/1000 kilogramme of coal. Theory 
has demonstrated that the efficiency with- 
out reheating amounted to 37%, thus it 
will be seen that for 1/10 of a kilogramme 
of coal consumed at the central power 
piant and 246/1000 used for reheating at 
the terminal point one effective h.-p. of 
compressed air can be obtained and a de- 
crease of temperature at 300° cent. will be 
effected. Should the increase in heat fur- 
nished by reheating amount to only 150° 
cent., a larger amount of coal in re- 
heating would be necessary. Tests which 
have been made confirm positively the 
above statement, and it is a remarkable 
proof that the hot air motor is a perfect 
thermic engine, where theory and prac- 
tice differ the least. 

“It is well known by all technical en- 
gineers that hot air engines are machines 
which show the best results theoretically, 
and that if these machines are not used 
in greater number it is on account of 
their complications in construction. All 
the hot air engines are based on the fol- 
lowing principle, which is to introduce a 
certain number of calories under the pis- 
ton of the engine and then transform the 
heat into mechanical work by either of 
the two following processes: 

“ist. The compression of air in the 
machine itself in order to expand same 
later on. 

“2d. Direct expansion of heated air, 
using the power obtained direct on the 
crank. 

“The above operations are explained by 
the following formula: The calories 
which are transformed into mechanical 
work are equal to the work of compress- 
ing plus the work on the crank. The 
sum of these two energies, i. e., com- 
pression and power, which can be used, 
require a great number of calories, or, in 
other words, a great amount of energy on 
the piston of the engine: this piston, pre- 
senting only a small surface, is subject to 
great strains and also to deterioration on 
account of the great amount of heat 
prevalent. 

“Thus it will be seen that the ideal is to 
compress the air in a different machine 
than the one which is used for producing 
the power, and for this purpose central 
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compressed air power plants prove to be 
the best adapted where compressed air 
power can be obtained and produced 
cheaply, and then the consumer needs 
only to attend to the reheating, which 
amounts to very little regarding expense 
and attendance. 
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perior to the best results obtained by elec- 
trical power transmission. 

“4th. The installation of a compressed 
air central power plant for distribution 
comprises: 

“tst. One central power plant, compris- 
ing air compressors, boilers or other 
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“To obtain a nominal horse-power at 
the end of the pipe line we have to use 1.50 
kilogramme ot coal, of which 900 
grammes are used at the central station 
and 250 grammes at the terminal point 
for reheating. This gives us an efficiency 


of 78% and is under all conditions su- 


LA REPUBLIQUE, PARIS, 
MAIN PIPE 


SHOWING THE COMPRESSED AIR 

TINE. 

power medium, receivers, pressure regu- 
lators, etc. 

“ad. A complete endless main pipe line 
starting from the central power station 
and returning to same. From this air 
pipe line a certain number of branch 
pipes run for the distribution of com- 
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pressed air to the consumers; these 
branches furnished with automatic water 
traps in order to eliminate the condensed 
water. 

“3d. Air meters placed at every outlet 
for measuring the amount of air used by 
every consumer, these meters varying to 
suit pipes from 1% inch to 3 inches in di- 
ameter. 

“4th. Apparatus for charging the re- 
ceivers of compressed air cars or tram- 
ways, together with reheaters and all ap- 
purtenances connected with same.” 


Central Power Plant (Quai de la Gare), 
Established in 1891. 


This is the most important central 
power plant not only in Paris, but in the 
whole world. The plant is installed and 
built of such size as to have an ultimate 
capacity of 24,000 h.-p. The outlay is ar- 
ranged for the installation of three rows 
of air compressors, each row amounting 
to 8,000 h.-p. and comprising four 2,000 
h.-p. air compressors; thus the complete 
installation comprises twelve 2,000 h.-p. 
air compressors. 

The first row of 8,000 h.-p., which has 
been in operation since 1891, consists of 
four 2,000 h.p. air compressors of the 
triple expansion Corliss type for the 
steam end, the weight of these four ma- 
chines being 1,800,000 kilos, practically 
4,000,000 Ibs. 

Each of the low pressure steam cylin- 
ders weighs 30,000 kilogrammes (66,000 
lbs.). 

The boilers are of the water tube type 
furnished with economizers, five for each 
compressor, thus making a total of 
twenty. 

The four compressors are fitted with 
positive air inlet and outlet and are of 
the three-cylinder type; two low pressure 
cylinders of same size fitted with inter- 
mediate receivers and intercoolers and 
one high pressure cylinder. That means 
the air compression is done in two stages. 
In addition to the above, part of the cool- 
ing is done during the period of com- 
pression by means of water injection in 
the cylinders. 

The compressors are of the tandem ver- 
tical type, with three cranks setting at 
120°, the steam cylinders being placed di- 
rectly below the air cylinders. 

The total height of each air compressor 
is 12™% meters (40 feet). 

The steam ends of the compressors are 


of the triple expansion type and are con- 
trolled for the low and intermediate cyl- 
inders by means of variable cut-off Cor- 
liss valves, with trip motion, while the 
high pressure cylinder, which is fitted 
with the same kind of valves, is controlled 
by an automatic combined air pressure 
and speed governor in addition to a quick 
acting variable hand governor; this in 
order to stop the racing or running away 
of any air compressor and to control its 
speed and output at a steady working 
pressure of 8 kilogrammes (i. e., 120 
Ibs.). 

These different methods of governing 
and controlling speed and pressure, and 
which are each independent of the other, 
act all on the steam distribution of the 
high pressure cylinder. 

The valve motion for the air cylinders 
is actuated through a system of spur 
gears placed on the main shaft; each 
compressor is fitted with two heavy fly- 
wheels and the shafts of the four engines 
which are placed in line are connected 
together with clutch couplings, thus al- 
lowing them all to work in unison. The 
four engines are besides rigidly tied to- 
gether by means of heavy cast iron bed 
plates, thus insuring perfect alignment, 
the upper ends of frames being also tied 
together with heavy tie rods. 

Access is given to all parts of the ma- 
chines through four staircases and plat- 
forms extending the full length and on 
both sides of the four compressors. 

The condensers, air pumps and water 
pumps are placed in pits next to the en- 
gines, these pits being 12 feet deep and 
reached by means of wrought iron stairs. 
Each compressor has its own condenser, 
air pump and water pump, the pumps be- 
ing actuated directly from the crosshead 
of the high pressure cylinder through a 
beam controlled by same. The air valves 
of the two low pressure cylinders are of 
the positive inlet type and are fitted with 
rubber lined seats; the outlet valves are 
also of the same type. and it has been 
found that for low pressure cylinders 
these valves give very good results and 
dispense with shocks and jumping. 

The two low pressure air cylinders are 
supplied with air direct from the atmos- 
phere, discharging same into the com- 
bined receiver and intercoolers, which are 
placed on heavy cast iron columns; these 
receivers supply the air to the high 
pressure cylinder, where it completes its 
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compression and is discharged into the 
terminal receivers. 

In order to insure the best results it 
has been decided to admit the air for sup- 
plying the two low pressure cylinders di- 
rect from the atmosphere and _ passing 
through small longitudinal openings 
whereby this air will give up part of its 
heat and moisture. 

Direct steam actuated flywheel pumps, 


ing this article will give the reader a fair 
idea of the general arrangement of the 
plant and a conception of the provision 
made for future increase. The engines 
have been built for extra heavy duty and 
are amply strong in all their parts to de- 
velop much more power than required. 
All working parts, such as piston rods, 
crank pins, crosshead pins, etc., are made 
of hard crucible steel and removable. 
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entirely independent of the air com- 
pressors, furnish the injection and jacket 
cooling water for the compressors. In 
addition, these pumps furnish water for 
cooling the compressed air in the inter- 
coolers between high and low pressure 
cylinders and in the high pressure re- 
ceivers. 

The drawings and sketches accompany- 


Main bearings, crank and crosshead pin 
bearings, valve rod pin bearings, etc., are 
fitted with adjustable, removable bronze 
quarter boxes. 

Up to this date, after eight years of 
steady work, both day and night, it has 
not been found necessary to renew any 
of the working parts of any of the air 
compressors except the rescraping and 
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regular readjusting incidental to general 
wear and tear. 

All the engines run at a regular speed 
of 60 revolutions per minutes, but the 
combined air and steam gov ernors allow 
this speed to be increased to 72 revolu- 
tions if required. 

The amount of air handled per hour by 
the four machines now in operation 
(8,000 h.p.), and which is compressed to 
8 kilogrammes per square centimetre 
(i. e., 120 lbs. per square inch) amounts 
to 70,000 cubic metres (220,000 cubic feet) 
per minute. The above is based on a 
temperature of 60° F. and a barometric 
pressure of 29 inches. 

Each of the 2,000 h.-p. air compressors 
delivers its supply of compressed air at 
8 atmospheres into two high pressure air 
receivers of 30 cubic metres capacity 
(i. e., 1,000 cubic feet each), from which 
it is distributed to the central main pipe 
line of 500 milimetres diameter (i. e., 20 
inches diameter). 

The boilers are of the water tube type 
manufactured by the Babcock & Wilcox 
Company, tested at 250 lbs. to the square 
inch, and furnish steam to the engines at 
150 lbs. pressure. Each set of boilers is 
furnished with a steam reheater con- 
trolled in such a manner as to allow the 
steam from the boilers to pass through 
or around same. All steam pipes are in- 
stalled in duplicates, thus allowing any 
engine or boiler to be put in or out of 
commission and to allow the cutting out 
of either of the main steam pipe lines in 
case of accident without interfering in 
any way with the operation of the plant. 

Boilers to the number of 20 (i. e., 5 for 


each engine) are as follows: _ 
Number of vertical sections for each 


ER eee al rer mr eT eee 12 
Number of tubes per section...... .....-. i) 
Number of tubes per boiler................. 108 
Number of tubes—5.4 metres—equal..... 18 ft. 
NED AIT SIONS isc vedevewswccwevevceesss 4 in, 
Heating surface for each boiler, 182 sq. 

metres, equal about............... 2,000 sq. ft. 


Heating surface of economizers for the 
complete battery of boilers—500_ sq. 
RE wecnssscdecctencvevest 6,000 sq. ft. 
Engines and air compressors are as fol- 

lows: 


Nominal h. p. of each engine........ 2,000 h. p. 
Number of revolutions per minute......... 60 
Pressure of compressed air in receivers, 
EE errr ye 120 Ibs. 
Boiler pressure per sq. in., 12 atmos- 
Re eer 180 lbs, 
Siemeter of high- -pressure steam cylin- 
tos Ea Ee ee ae 36 in. 
Diameter of intermediate steam cylin- 
a eee 50 in, 


Diameter of low-pressure steam cylin- 


DEAS Oe are: 80 in. 
Diameter of the two low-pressure air 

So eee ee ere 44 in, 
Diameter of high-pressure air cylinder.34 in. 
Stroke of all the pistons.................. 56 in. 
Diameter of fly-wheels...............65- oodb Et, 
BPEMSROLEP OF GIP BUMAD. o..005ccsccccccceses 40 in, 
OE eS ee eee 24 1n, 
Diameters of intercoolers and _ receiv- 

DU LG han eccbeenemb enon Shakes aeebesdetutaeoeee 66 in, 
Length of intercoolers.............scccees 36 ft. 


(Continued.) 


Compressed Air in England. 





This is a subject which has, during the 
past few years, been creating more genu- 
ine interest than some of the later discov- 
ered motive forces. 

It used to be said that we know but 
little of the possibilities of electricity, and 
one hears the same now being said con- 
cerning compressed air, but we are ex- 
pecting something from it—something 
startling, on the lines of liquid air. What 
a triumph for air—compressed or liquid— 
if it could solve the perpetual motion 
problem, with surplus power to. spare. 
We are looking to you in America for 
these new developments. It would be 
doubly startling if they came from any 
other country, as it is a common saying 
here, that all things new and wonderful 
must come from America, so conse- 
quently your reputation is more or less 
at stake in this matter. 

We, throughout Europe, are no doubt 
a long way behind you in the economical 
compression of air and the application of 
the same, due to a variety of causes, the 
chief of which is the air compressing 
manufacturer; who, instead of trying to 
construct his compressor on more econo- 
mical lines and reduce to a minimum the 
loss of power between the steam and the 
air cylinders, seems to have accepted a 
certain low standard of efficiency, and no 
serious attempt has been made to im- 
prove upon it; it having been taken, that 
a great loss is inevitable, and that com- 
pressed air is only used when it is abso- 
lutely necessary, such as in mining opera- 
tions, tunnel driving and other dark cor- 
ners, where other motive forces are not 
practical; but happily this idea is fast dy- 
ing out, owing largely to the publicity 
compressed air has attained during the 
last year or so, and the fact is being 
largely accepted that compressed air is 
not only useful in dark confined spaces, 
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but in the open daylight as well, compet- 
ing alongside of steam and electricity and 
in many cases where steam is practicable, 
air is found more economical in its appli- 
cation. It speaks volumes for it, that in 
every case where it has been installed, for 
open quarry work, etc., for operating 
rock drills, cranes and other motors, the 
users are strong in its praise, and would 
not again go back to steam. Unfortu- 
nately compressed air in the past has 
been judged only by the loss of power be- 
tween the steam and air cylinders, and 
the great convenience and saving in ap- 
plication has been overlooked. How- 
ever, the time is rapidly approaching 
when compressed air will be recognized 
at its full value, and given its proper 
place. By that time it will be found that 
there are two kinds of air compressors— 
the good and the bad; the latter, dear at 
any price. If the public in the past had 
only purchased from well-known and 
tried manufacturers of this class of ma- 
chinery the results would have been quite 
different. 

One reason for our engineers being so 
long in adopting pneumatic appliances 
has been the difficulty of getting a satis- 
factory air compressor; and in many cases 
pneumatic tools have been tried and con- 
demned, when it was entirely the fault of 
the compressor in not giving sufficient 
pressure, and being otherwise unsatisfac- 
tory. 

There is no class of engine made in this 
country on so many different designs in 
attempting to accomplish the same pur- 
pose as the air compressor, and in the 
majority of cases the fatal mistake is made 
of not properly proportioning the fly- 
wheel. It is the apparent simplicity of 
the air compressor which has tempted 
many old established engineering firms 
to take up its manufacture as a kind of 
side issue, which needed but little atten- 
tion; but many soon discovered, to their 
cost, that they had made a mistake, and 
that to design and manufacture a success- 
ful air compressor was no simple matter, 
but one which required years of study. 
As an instance, to show the difference be- 
tween a good air compressor and a bad 
one, I might give a few details of two I 
saw a short time ago. One was con- 
structed by a well-known and noted air 
compressor company and the other by a 
well-known firm of engineers, who had 
never before built an air compressor. 


The dimensions of the latter compressor 
are as follows: Steam cylinder 12-in. 
diam., air cylinder 12-in. x 15-in. stroke. 
This engine running at its maximum 
speed could not supply air above 20 lbs. 
pressure per square inch, for keeping one 
3-in. cylinder by 5%4-in. stroke rock drill 
at work, through a large pipe, distant 
only a few hundred yards. The other 
compressor, with dimensions as follows: 
—1I2-in. steam cylinder and 12-in. air cyl- 
inder by 14-in. stroke, and running at 
about two-thirds of its speed, was able to 
maintain 60 lbs. pressure per square inch, 
with two 3-in. cylinder drills constantly 
at work, through similar size pipe and 
under the same conditions. Of course 
this is an extreme case, the first com- 
pressor being a badly designed one and 
the necessity for reducing clearance 
spaces in the air cylinder having been ig- 
nored by the builder. 

I might cite one more instance of some 
of the bad designs on the market: this 
time a belt compressor, constructed by 
quite a different firm, but proving equally 
unsatisfactory. The main driving pulleys 
for operating this compressor are about 
4 feet in diameter; the fly-wheel pulleys 
on compressor are about 2 feet 6 inches in 
diameter (and very light in construc- 
tion); the air cylinder is 16-in. diameter 
by 18-in. stroke, and running at a speed 
of about 75 revolutions per minute. 
With this compressor it is found quite 
impossible to raise more than 20 Ibs. 
pressure per square inch; in fact this re- 
sult can only be accomplished with diffi- 
culty, and abnormal wear and tear on 
the belts, owing to their lashing. 


In larger size compressors we find 
much better design, construction and 
workmanship than is found in the small 
sizes. This is owing to the greater de- 
mand for big compressors for Colliery 
work, etc., the makers having gained 
more experience; but that experience has 
only led them to proportion their com- 
pressor a little better, and make it more 
of a mechanical job. (There is, however, 
much yet to be desired in this line). The 
inlet valves, which are the weak point in 
all our compressors, seem to have under- 
gone but little improvement during the 
past twenty years. Better material is 
now being used, and consequently the 
danger of the engine being wrecked by 
valves breaking and falling into the cylin- 
der is much lessened. However, even 
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- now, it is not found safe to run at more 
than about 300 feet piston speed per min- 
ute, as anything faster would hammer up 
the valves, which would then become 
leaky and dangerous. This is a serious 
drawback, as otherwise the engine would 
be capable of running double the piston 
speed, which would naturally increase the 
capacity of the air compressor. These 
remarks, of course, apply to compressors 
with 5 to 6 feet stroke and above 18-in. 
diam. cylinder, which are practically the 
only type made in this country. 

It also not infrequently happens that 
the compressor manufacturer is not suffi- 
ciently informed on the subject to know 
what size air pipes to advise or what kind 
of oil to use in the air cylinder. Conse- 
quently, in the first case, too small air 
mains are often put down over long dis- 
tance, with the natural result of causing 
too much friction, and in the latter case. 
the air valves become clogged up and 
after a short existence the air compressor 
is a complete wreck. 

Compressed air as applied to street cars 
seems to be having but little attention 
and development on this side; and it 
seems that the conditions are most favor- 
able, as there is considerable opposition 
on the part of the public to having the 
streets disfigured with electric wires. 
However, all the chief cities have, or are 
about startings the overhead trolley sys- 
tem, but any enterprising firm who could 
put some favorable facts and reliable data 
before some of the corporations contem- 
plating the adoption of mechanical power 
for street car service would no doubt 
have unprejudiced consideration, and a 
successful installation in any important 
city would be followed by the universal 
adoption of compressed air. With the 
exception of London the compressor 
power station could be so placed as to be 
within 3 to 5 miles of the terminus of the 
tram lines. 

Take Glasgow (a very large city), and 
the power stations need not be more than 
3 miles from the terminus. 


Some Convenient Devices in a Railroad Yard, 


The three accompanying engravings 
show how compressed air is utilized in 
the yard of the Northern Central Rail- 
road at Sunbury, Pa. 


COMPRESSED AIR. 


The 


has to the right a post carrying a pipe, 


cover shows that the sand house 

on the end of which is a short length of 

hose, which is dropped into the sand box 
a 

lhe 


dryers, 


four 
that as the 
sand passes through the dryers it drops 


opening. building contains 


sand arranged so 
over a screen and into a large hopper, 
from which it is finally fed into a recep- 
tacle so arranged that the opening for 
the latter can be closed, air pressure put 
in and sand blown from this receptacle 
to the pipe and to the locomotive sand 
box. 


and 
shows the same arranged for two ash- 


View No. 2 is of the ash hoist 
pits with track on which cars may stand 
to be loaded with ashes between the two 
‘ye e 

Ihe ashes are drawn from the ash 
and the from. the 
box, directly into a bucket, which can 


pits. 


pan, cinders smoke 


be moved lengthwise of the pit on a 
track, which is laid at the bottom. In 
this way they can be located conveniently 
under the then moved 
under the frame and lifted by the hoist, 
which can also be made to traverse across 
the frame and dump the ashes into the 
cars. 


locomotives and 


View No. 3 shows a coal wharf at Sun- 
The 
cars containing coal are brought up on 
the low trestle at the back, where the coal 
is dumped from the hopper cars into coal 
dumps, which are moved longitudinally 
under the coal trestle and brought to a 
central point after being loaded where 
they are turned, weighed and brought to 
one of the two hoists shown, elevated to 
the platform and run on a transfer car, 
which moves the 


bury, operated by compressed air. 


whole length of the 
wharf and deposits the loaded car at any 
track, and also removes the empty cars 
in the same way, but in the reverse direc- 
tion, The transfer table is also operated 
by compressed air, the same being done 
by a small air motor. 




















VIEW No. 2, ASH HOIST. 

















VIEW No. 3, COAL WHARF. 
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Pneumatic Propulsion. 





The facilities which the atmosphere of- 
fers as a propelling agent, and the readi- 
ness with which it lends itself to the pur- 
poses of locomotion, have for many years 
past caused a considerable amount of at- 
tention to be given to the utilisation of its 
mechanical properties for facilitating hu- 
man intercourse. At no time, perhaps, 
was inventive talent more earnestly and 
more widely engaged in connection with 
pneumatic propulsion than in the early 
days of railways, when the advantages 
which the atmosphere theoretically offers 
in that connection were seriously pitted 
against those presented by steam. Prior 
to the advent of steam-worked railways in 
1830, in which year the Liverpool and 
Manchester line was opened, inventors 
were hard at work in their endeavors to 
perfect the atmospheric system of rail- 
ways, as it was then called, and a stimulus 
was given to their labors by the unfortu- 
nate death of Mr. Huskisson—the first 
railway victim—upon that occasion. One 
example of the prior application of the 
atmospheric principle to the propulsion 
of railway trains was that by Mr. John 
Vallance, of Brighton, in 1827, whose ex- 
periments were described in The Engi- 
neer of May t1oth, under the heading of 
“A Singular Railway Experiment.” It 
may prove interesting if we supplement 
that notice by a brief history of pneu- 
matic propulsion, in which question~— such 
an amount of active interest was evinced 
during what is known as the railway 
mania, that a Select Committee of the 
House of Commons was appointed in 
1845 to inquire into the matter. Let us, 
then, as Lord Jeffrey puts it, call back 
the departed life for a transitory glow. 

It is now nearly two centuries and a 
half since Papin, in the year 1654, sug- 
gested the employment of atmospheric 
pressure against a vacuum as a motive 
power. The suggestion, however, does 
not appear to have been acted upon, nor 
the principle applied to any practical pur- 
pose until it was embodied in Newco- 
men’s engine, which, of course, was not 
for purposes of locomotion. That appli- 
cation was left for later times to develop; 
and, according to the British and Foreign 
Review of April, 1844, the idea of apply- 
ing atmospheric power for the propulsion 
of land carriages first occurred in a defi- 


nite form in 1805 to Mr. Taylor, of Man- 
chester, the inventor of the first power 
loom. Although that gentleman con- 
ceived the idea, he does not appear to 
have possessed sufficient ingenuity to 
carry it out in practice. He, however, 
submitted the notion to his friends, 
Messrs. Duckworth and Clegg, two engi- 
neers of the time, and although they were 
all three of opinion that the idea was 
capable of realisation, they found that the 
accomplishment of their object was so 
beset with difficulties that they eventually 
allowed the matter to drop. Taylor's 
scheme only extended to the conveyance 
of letters and despatches. He suggested 
that a tube, large enough to contain a 
parcel, should be laid down from one 
town to another, a stationary engine be- 
ing employed at either end to exhaust 
the tube. 

The subject was then taken up by Mr. 
George Medhurst, a London engineer, 
who, in 1810, published a pamphlet in 
which he described “A New Method of 
Conveying Goods and Letters by Air.” 
Two years later he published his calcula- 
tions and remarks on the practicability 
of his scheme. By the year 1827 Med- 
hurst appears to have further developed 
his ideas, for in a pamphlet which he then 
published he describes a system in which 
he employed a tube through which he 
drove a carriage by air pressure in one 
direction and drew it by vacuum in the 
other. A further development of the sys- 
tem was the employment of a tube 24-in. 
in diameter, within which worked a piston 
with a piston-rod passing upward through 
a longitudinal channel and connected to 
a carriage running on rails. The piston 
was to be driven by air-pressure, and the 
channel was to have a water seal. His 
third suggestion was a combination of the 
two methods, goods being conveyed 
within the tube and passengers in a car- 
riage outside it. Yet another method 
proposed by Medhurst was to have an 
iron air tube of square section, 4-ft. in 
area, fitted with a longitudinal flap valve 
on the top, through which the arm of the 
piston projected, and was attached to a 
carriage running upon the ordinary road- 
way without any rails. By this modifi- 
cation goods and passengers were to be 
conveyed “at the rate of a mile a minute, 
or sixty miles an hour, and without any 
obstruction, except at times contrary 
winds, which may retard its progress, and 
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heavy snow, which may obstruct it. 
However wild Mr. Medhurst’s system 
may appear, to him must be given the 
credit of originating the longitudinal 
valve on the tube, a principle which 
underlies the inventions of nearly all 
others who subsequently sought to solve 
the problem of pneumatic propulsion 
with external carriages. 

Previously to the appearance of Med- 
hurst’s last pamphlet, Mr. Vallance had, 
in 1824, taken out a patent for his system 
of locomotion by atmospheric pressure. 
This system was described by us in the 
article already referred to, so that we 
need not here do more than observe that 
it was only a modification of Medhurst’s 
first suggestion of a tube through which 
a carriage was to be propelled and drawn 
alternately by means of a plenum and a 
vacuum. The working model of this rail- 
way, 150 ft. in length and 8 ft. in diameter, 
appears to have been the extent of the 
application of the principle by Mr. Val- 
lance. In 1834 Mr. Henry Pinkus ap- 
peared upon the scene with a patent for a 
pneumatic railway. which was on _ the 
same principle as Medhurst’s fourth mod- 
ification, with the exception that Pinkus 
proposed to use a circular instead of a 
square tube, and to employ a hemp-and- 
tallow rope for his continuous valve. 
The rope valve.was to be opened by a 
small friction roller passing under it, and 
closed by another passing over it, both 
being attached to the carriage about it. 
In practice, however, it was found that 
on employing a vacuum the rope was 
forced into the tube by the external pres- 
sure of the atmosphere, the vacuum being 
thus destroyed. 

The question now was to devise a valve 
which should neither be blown out under 
internal, nor be forced in under external 
pressure. And here Mr. Clegg took up 
the running, and in 1839 obtained a pat- 
ent for a continuous valve having a 
leather hinge. and working in a trough 
containing a fatty composition which was 
solid at the ordinary temperature, but 
which was easily melted by the applica- 
tion of warmth. This, of course, involved 
the heating of the composition in order 
to seal the valve in the rear of the opener 
as the carriage passed onward, and this 
was to be effected by a tubular heater 
containing burning charcoal. Besides the 
modification of the valve, Mr. Clegg, in 
conjunction with Mr. Samuda, improved 


the armature, which, instead of proceed- 
ing vertically from the piston to the car- 
riage as in Pinkus’ patent, passed through 
the valve at a very low angle—nearly 
horizontally, in. fact—which caused the 
valve to be only very slightly opened. 
The details of the piston were also ma- 
terially modified by the same inventors, 
whose names stand out very prominently 
in the history of the atmospheric railway. 


So far the respective inventors only 
availed themselves mainly of the mechani- 
cal properties of the atmosphere resulting 
from its action on a piston working in a 
tube and connected, through a continu- 
ous valve, with an external carriage. In 
1844 Mr. James Pilbrow pointed out that 
the idea did not appear to have occurred 
to anyone to connect a carriage outside 
the tube to a piston within it without the 
use of the continuous valve. He there- 
fore patented a system which consisted 
of a circular tube having a longitudinal 
square chamber mounted on the top and 
opening into it. The piston, which 
travelled in the tube, was connected by an 
armature with a tail-piece which travelled 
in the square chamber above it. This 
tail-piece was a double rack, which, as 
it passed along, drove pinions fixed at 1n- 
tervals in pairs on either side of it. The 
spindles of these pinions were continued 
upward through © stuffing-boxes, their 
upper ends carrying pinions gearing into 
racks attached to the underframing of the 
first carriage of the train. This system 
was designed for use either on common 
roads or on railways. Two other modifi- 
cations of the continuous valve should 
have a passing notice. They are those of 
M. Hallette and Mr. Hay. the former of 
whom proposed to close the longitudinal 
aperture of the piston tube by means of 
two elastic tubes containing water under 
pressure, the armature of the piston pass- 
ing between the tubes. Mr. Hay pro- 
posed to supersede the hinged valve by 
one which was free at both edges—a mere 
strip, in fact, held at the two extremities 
and passing through a forked armature. 

Such are the broad and general princi- 
ples upon which the construction of the 
old atmospheric railways were based. 
These principles were applied in practice 
to a limited extent only, although, in 
some instances, with considerable promise 
of success. In 1840, Messrs. Clegg and 
Samuda’s system was laid down experi- 
mentally on a portion of the West Lon- 
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don Railway, at Wormwood Scrubbs. So 
favorable were the results, that the atmos- 
pheric system was adopted on the Dalkey 
extension of the Dublin and Kingstown 
Railway, and this—the first atmospheric 
railway—was in full operation at the com- 
mencement of 1844. Its satisfactory 
working is alluded to in the report of the 
House of Commons Select Committee, to 
which we have already referred. This 
success led to the London and Croydon 
Railway Company, in 1844, laying down 
a line of atmospheric railway alongside 
its locomotive line, and, further, to the 
adoption of this method of working by 
the South Devon Railway Company on 
a portion of its line. On the latter lines, 
however, the principle was soon given up 
as unsatisfactory.. It was likewise ulti- 
mately abandoned on the Kingstown and 
Dalkey line after a trial of several years, 
when the railway was extended to Wick- 
low. The results of working in all cases 
clearly showed that the atmospheric sys- 
tem could not compete with the locomo- 
tive with any hope of success. The first 
cost was favorable, but the expense and 
extreme care necessary to keep the tube 
and its accessories in working order killed 
it. Thus, the history of atmospheric rail- 
ways can only be considered as a chapter 
of failures. 

Later times, however, have witnessed a 
return to the principle, but worked out 
under conditions differing widely from 
those under which it existed in the exam- 
ples we have mentioned. In the pneu- 
matic system, as it was now called in con- 
tradistinction to the old title of atmos- 
pheric, a tube of large diameter was em- 
ployed, the carriage itself forming the 
piston, a useful vacuum being thus ob- 
tained. It was, in fact, Mr. Taylor’s 
original proposition, which improved 
mechanical appliances enabled engineers 
to work out in practice. About thirty 
years since the pneumatic system was 
carried out in various ways. An experi- 
mental line of pneumatic despatch was 
laid down and worked at Battersea, whiist 
later on a shorter pneumatic passenger 
railway, embodying advances in detail, 
was constructed and worked for a time 
at the Crystal Palace. The outcome of 
the experimental working of these two 
lines was the construction of a pneumatic 
despatch tube by Mr. Ramell in the very 
heart of London. This tube extended 
from the General Postoffice, St. Martin’s- 


le-Grand, to the London and Northwest- 
ern Railway terminus at Euston Square. 
There was a central station in Holborn, 
where was placed the machinery for ef- 
fecting the transit of the trains of carriers. 
The air motor consisted of a 22-ft. fan, 
driven by a steam engine having a pair 
of 24-in. cylinders with a 20-in. stroke. 
The tube was ofa flattened horseshoe 
section, 5 ft. wide and 4 ft. 6 in. high at 
the centre, and had a sectional area of 17 
sq. ft. The tube between the General 
Postoffice and Holborn was 1,658 yds. 
in length, or nearly a mile, the length 
from Holborn to Euston being 3,080 yds., 
or a mile and three-quarters. The car- 
riers, which were Io ft. 4 in. in length, 
were at the ends of the same sectional 
area as the tube, and weighed 22 cwt. 
each. The trains of carriers were drawn 
from the postoffice and from Euston by 
exhaust, and were propelled to those 
points by pressure. Although the system 
worked very successfully, and was proved 
to be well adapted for the safe and rapid 
transit of mail bags and parcels, neither 
the postoffice authorities nor the general 
public availed themselves of its services, 
and this revival of the atmospheric princi- 
ple proved a commercial failure, and the 
pneumatic despatch fell into desuetude. 
It was also proposed to work vehicles in 
the tunnel under the Thames between 
Smithfield and the south side by the 
pneumatic system, but nothing was done 
in this direction. So far as we are aware, 
the only form in which the principle ha3 
survived is that employed in connection 
with the telegraphic department of the 
General Postoffice. 

It now only remains to refer briefly to 
the Select Committee of the House of 
Commons, which was appointed in 1845 
to inquire into the merits of the atmos 
pheric system, with a view to its general 
adoption. The committee consisted «af 
the following members: Mr. Shaw, Mr. 
Bingham Baring, Lord Harry Vane, Sir 
George Clerk, Mr. Baring, Viscount 
Mahon, Sir Charles Lemon, Mr. Hawes, 
Viscount Hawick, Mr. Hodgson Hinde, 
Mr. Morrison, Mr. Pakington, Mr. Gib- 
son Craig, Mr. Lascelles, and Mr. Wyse. 
The committee took ample scientific evi- 
dence, but it was of a very conflicting 
character. Among the witnesses in favor 
of the atmospheric system were some af 
the leading engineers of the day, includ- 
ing Brunel, Vignoles, Bidder, Samuda, 
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and Cubitt. On the other hand, there 
were the opinions of equally eminent en- 
gineers against it, including Stephenson, 
Locke and Nicholson, all of whom stren- 
uously advocated the use of steam. The 
committee reported strongly in favor of 
the general merits of the atmospheric 
principle, but wisely recommended that it 
should be left to experience to determine 
under what conditions of traffic or of 
country the preference to either system 
should be given. Experience was not 
long in determining in.favor of steam 
locomotion, the disciples of which system 
rapidly increased and multiplied exceed- 
ingly.—The Engineer. 





Pneumatic Tools 











The Chicago Pneumatic Tool Co. re- 
ports sales during the last week in July 
of thirteen hammers and drills to the 
New York Navy Yard, including one of 
their shell riveters for bottom riveting, 
and eighteen pneumatic tools for the 
Chinese Eastern Railway. The latter or- 
der included a duplex compressor, fur- 
nished by the Pneumatic Supply & 
Equipment Co., with receiver, hose, etc., 
to complete the installation. 


The tools made by the Chicago Pneu- 
matic Tool Co. are being adopted in Eu- 
rope, and exhibitions are given to show 
what they can do. 

Recently a trial of them was made at 
the shipyard of Messrs. Alexander Ste- 
phens & Sons, Linthouse, Scotland, un- 
der the auspices of Messrs. Taite, How- 
ard & Co., represented by John Macdon- 
ald & Son of Glasgow, who were con- 
fident that a trial would convince Clyde 
builders of the usefulness of these tools. 

The riveting appliances were shown for 
the first time in Britain, and were watched 
with considerable interest by a number of 
engineering experts, and who were gen- 
erally satisfied that good work was done. 





The Railroad Master Mechanics’ Con- 
vention, held at Old Point Comfort, Va., 
in June last, is recalled by a handsome 
souvenir issued by the Chicago Pneumatic 
Tool Co. All of their products were ex- 


hibited there, and special edition No. 8 
catalogue reproduces the scenes of the 
occasion, in addition to other interesting 
views. 





The No. 5 Whitelaw Reversible Wood 
Boring Machine has been brought out as 
an improvement on the machines thus 
far produced to meet the demand for a 
high grade Reversible Boring Machine. 
This machine weighs less than Io lbs., is 
compact in form, easy to handle so that 
it can be used in any position and will 
bore in wood up to three inches in diam- 
eter. It is built in the best mechanical 
shape with ball bearings throughout, and 
as it reverses with a quarter turn of the 
handle it is perfectly under the control 
of the operator and can be reversed while 
running at full speed, and operates with 





equal facility backward or forward. The 
machine is very economical in the use of 
compressed air requiring only 8 to 12 
cubic feet of free air per minute and has 
met with the highest favor everywhere, 
having been recently adopted by the 
Pennsylvania Railroad. 

This is one of the new tools shown by 
the Chicago Pneumatic Tool Co. at the 
Master Mechanic Convention at Old 
Point Comfort in June, and with the 
other new tools brought out by them, 
together with the well-known Boyer and 
Haeseler tools which they control, places 
them in a most commanding position in 
the line of pneumatic appliances 
throughout the world. 
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A pressure of air gently inflates kid gloves, 
keeping them in form while soil is removed. 


PATENTS GRANTED JULY, 1899, 


Specially;prepared for COMPRESSED AIR. 





628,251.—Atomizer. Roland ‘Morrill, Benton 
Harbor, Mich. Assignor of one-half to 
Fernando Momey, same place. 

An atomizer in combination with a liquid 
reservoir, a liquid tube, an air nozzle hav- 
ing its discharge orifice disposed in prox- 
imity to the orifice of the liquid tube, and 
means for discharging air through said noz- 
zle, of a disk disposed in the nozzle, some 
distance in rear of the discharge orifice, 
said disk having a radial slit and having a 
portion thereof adjacent to the slit deflect- 
ed to form a passage for the air, substan- 
tially as set forth. 
628,505.—_Pneumatic Carpet-Sweeper. George 

L. Westman, Richmond, Va. Filed Nov. 
5, 1898. Serial No. 695,597. (No model.) 


In a carpet dusting device, the combina- 
tion with a normally stationary exhaust 


pan and a portable duster box connected 
thereto by a flexible suction pipe, of a suc- 
tion fan mounted in said box in the path 











of the air-current, and a rotary brush 

mounted in said box and operatively con- 

nected to said suction fan, substantially as 

shown and described. 

625,318.—Compressed Air Water Elevator. 
Fred Hayes, Bristol, Tenn., and Horace 
L.. Frost, Bristol, Va. 

In a compressed air water elevator, the 
air pressure pipe and the liquid ejection 
pipe having the coincident non-revoluble 
tubular journals, and a_ rocking tank 
mounted eccentrically and loosely on said 
journals to turn freely thereon, the jour- 
nal of the eduction pipe communicating di- 
rectly with the chamber of said tank, com- 
bined with a liquid induction valve at the 
free or uncontined end of said tank, a 
branch air pipe contained within the tank to 
extend above the liquid level therein, and 
an air pressure valve mounted on the air 
pressure pipe, and connected with said tank 
to be opened and closed thereby as the 
tank is rocked on the journals. 





629,657.—Air Brake Hose Coupling. James 
Caldwell, Wooddale, Pa. Assignor of 
one-half to Norman W. Hemminger, 
same place. 

An air brake coupling comprising two in- 
terlocking coupler heads capable of longi- 
tudinal movement on each other, and the 
transversely swinging link mounted on one 
of the coupler heads and adapted to be 
swung into and out of engagement with the 
other coupler head. 
629,708.—Air Brake. 

Lima, Ohio. 

An air brake, in combination with a com- 
pressor having a governor connected there- 
to and a brake cylinder, of a valve seat 
having a plurality of ports therein, a dis- 
charge pipe and a suction pipe leading from 
the air compressor to said seat, pipes con- 
necting the seat and brake cylinder, and a 
rotatable valve on said seat having cavities 
therein and adapted to establish communi- 
cation between said ports. 


Ellis 3artholomew, 
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CHAS. G. ECKSTEIN, 
CIVIL ENGINEER, 
BERLIN, C., Germany. Spandawerstrasse 16-17, 


[ take pleasure in notifying all manufacturers of 


Pneumatic Tools and Appliances, 


that I have established Qi office with Spacious show 
rooms in Berlin during the last two years, making 
it a specialty to tntroduce and sell “ Compressed 
Atr Tools and Machinery” in the Old Country. 

Many complete air plants have been successfully 
enstalled by me for the German Government as well 
as for the largest private concerns, and all refer- 
ences can be given from parties abroad or in this 
country. 


MANUFACTURERS OF 


First Class Tools and Machinery 


in the compressed air line, seeking an effective 
representation, are respectfully invited to correspond 
wth me; all communications should be addressed 
to my New York office. 


CHAS. G. ECKSTEIN, 


249 Centre St.. New York City. 
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cNab & 
4 Karlin 
Manufacturing Go., 


MANUFACTURERS OF 


BRASS AND IRON GOODS, 


ror STEAM, 
WATER 


AND GAS. 
WROUGHT IRON 


AND STEEL PIPE ———.em 


Plumbers’ and Gas Fitters’ 
Supplies, 


56 & 60 JoHN STREET, 


FACTORY: New York. 


PATERSON, N. J. 
POU 
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Janney, Steinmetz & Co., 


COLD DRAWN, HOT PRESSED 
AND FORGED 


STEEL SHAPES 
AND SPECIALTIES 


SEAMLESS COLD DRAWN 
STEEL SHELLS, CYLINDERS 


AND TANKS 
For Air, Water, Steam, Gas, Soda 


TUBES, HYDRAULIC FORGINGS FOR 
CREAM SEPARATOR BOWLS, 
SEAMLESS STEEL TESTED 
TANKS OF SUNDRY 
DIAMETERS. 


DREXEL BUILDING, 


o———_ PHILADELPHIA. 
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Ammonia or Fluids under Pressure 
and Explosives. 
SEAMLESS STEEL TUBING, HEAVY SECTION 
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= Telephones, John 1342, Cable Address, 
1992, “Cube” New York. 


CORNELL & UNDERRILL, 


SALES AGENTS 

















SPANG, CHALFANT & CO., 


Full Weight Wrought Iron Pipe. 

Marine, Locomotive and Stationary 
Boiler Tubes. 

Artesian and Oil Well Casing. 


RENSSELAER [1’F’G CO., 


Brass and Iron Gate Valves, 1-2 to 
72 inches, for Air, Gas, Steam, 
Water and Oil. 

Corey Fire Hydrants. 


BLOOFISBURG CAR M’F’G CO., 


Freight, Mine and Dump Cars. 
Car Wheels of every description. 
Portabe Track and Switches. 


No. 13 Gold Street, New York. 
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SEAMLESS STEEL TUBING °°" ’couenesseo an. 


TUBES UPSET AND FLANGED FOR COUPLING. 


2. 






UPSET SECTIONAL VIEW. FLANGED SECTION AL VIEW 
eamless Steel 
Cylinders and 
Bottles 


For Storage of Gases 
and Compressed Air. 
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AY SHELBY STEEL TUBE COMPAN ’ tee You Giles tae Ceiatom Street. 
AY CORRESPONDENCE SOLICITED. Chicago Office, 135 Lake Street. 
* SUBMIT SPECIFICATIONS ___—_—_" Birmingham Office, 29 Constitution Hill, England. 
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i” AIR PUMPS 


GLEASON-PETERS AIR Pump Co. 


Hand, Foot, Storage, Water Pressure, and Specially Con- 
structed Pumps. Gas Fitters’ Proving Pumps. Physicians’ 
Vacuum or Direct Pressure Pumps. Galvanized Iron Tanks, 
Air Cocks, Gauges and Fittings. 

HOUSTON ano MERCER STS., NEW YORK, U.S. A. 
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a 4 é& AYER Co., 
PHILADELPHIA, ae I a 
PA. Ee. 
COMPRESSORS 


These Compressors will compress more air 
at less cost than any other make, requiring no 
attention other than oiling ; entirely automatic 
in action, stopping and starting as air is re- 
quired. Specially adapted for “foundry use. 
Can be run in series; if so, no stoppage 
possible. 










COMPRESSED AIR 
RIVETERS,HOISTS, 
CRANES anv OTHER 
TOOLS. 


Send for Catalogue. 


Manning, Maxwell & Moore, 
Sore Acenrts, 
85, 87, 89 LIBERTY ST., N.Y. 
22 SO, CANAL ST., CHICAGO, ILL. 
PARK BLDG., PITTSBURGH, PA. 
26 SO. WATER ST., CLEVELAND, 0 
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Paetgtata® 
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VOLUME No. 3. 


uu 


seseree 


The supply of Volume No. 2 of “Compressed Air” is 
exhausted, and attention is called to Vol. No. 3, which will 


include all the numbers of Compressed Air printed from 
} March, 1898, to February, 1899. 


READY NOW. 


Only a limited number of these volumes on hand, 
therefore all those who desire to secure them should place 
their orders at once. 


PRICE (postage prepaid), - . $2.00 


neoce1r2oee 


8@ e@r@eer 


Other books on Compressed Air furnished. Send for cir- 
cular. 
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COMPRESSED AIR, 


26 Cortlandt Street, New York. 
8 


8001001200 100120 e 1 c0e 1 ote cere 120 ce1 ere 1 cer ccerecsenetenere1ste1 one. 





SEDO 5 SESS LST SESE SESE SE BOE SOS 1S 1 SES 1SES ESET SOD 





— = | 





Cw es a ae ene ees, ,S”t—Oi—t —_ 





COMPRESSED AIR. 3 a 


ARAAAMAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA AMAA AAAAAAAAAAAA AMAA AMAA AAA AAD AMAA 












{The Stearns-Roger Manufacturing Company, : 
3 CONSTRUCTING ENGINEERS. 3 
3 Chlorination Mills, Electric Plants hh E 
3 ~_ Compressed Air Plants of any capacity. E 
S| 
3 We SNS E 
3 SZ 7 


























- 





3 ROGER’S ITIPROVED CRUSHING ROLLS. E 
3 Patented in the United States and Foreign Countries. E 
= - 
3 “These Rolls have been running very satisfactorily and appear to us to be unquestionably iE 
3g the best type of roll yet devised. General Manager, | 
3 MOLLIE Gipson & A, J. MILLS, Aspen, Colorado.” E 
3 
3 Manufacturers of all classes of Machinery for Mining and Metallurgical requirements. 
a 

MAIN OFFICE, 1718-24 CALIFORNIA STREET, DENVER, COLO., U. S. A. 

’ 

cw 
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J. D. MILLER & CO., 


Taylor Building, 39 & 41 Cortlandt St., N. Y. 


COMPLETE POWER PLANTS 


FOR ALL PURPOSES____osum 





Engines, Boilers, Machinery, 


Mining and Milling Equipments. 


SEND FOR CATALOGUES AND ESTIMATES ON WHAT YOU NEED. 
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MANNESMANN TUBE WORKS, 


ys td tel tel fet | 








Manufacturers of ...... 


Seamless Rolled Tubes_— > 


cosene tor Gases, Compressed 
Air, Etc. e . . . . . 
Tested and approved by the 


uae af weeps at UNDER HIGH PRESSURE. 


America. 





Each Tube is carefully tested Representative : 
anda Government Test Cer 


a furnished with CHAS. G. ECKSTEIN, 
249 CENTRE STREET, - - NEW YORK. 
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Established 
LSS3s. 


Bad ad 





Th 


C. & G. COOPER CO 


MT. VERNON, OHIO. 


CORLISS ENGINES. 


CoMPOUND. 





TRIPLE EXPANSION, 
SINGLE CYLINDER. 


Of all sizes up to 3,000 
Horse-power. 





— FOR — 
FACTORIES, RAILWAYS, ELECTRIC LIGHTING, 
ROLLING MILLS, AND ALL KINDS 
OF MANUFACTURING. 





CORRESPONDENCE SOLICITED. 
HOME OFFICE: MT. VERNON, OHIO. 
NEW YORK: Room 1022 Havemeyer Building, F. W. IREDELL, Mgs. 
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Pneumatic 
Hammers, 
Piston Air 
Drills, 
Pneumatic 
Riveters, 
Casting 
Cleaners, 
Air Hoists 


and 





Compressors 


CHICAGO wf 8 suensene. 
_.. PNEUMATIC 
a s TOOL CO. 


All Tools Guaranteed One Year against Repairs and sent on Ten 
Days Trial Subject’ to Approval. 





st Ft Yt 





All 

Kinds 

of 

Labor 
Saving 
Pneumatic 
Appliances. 


et 
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For SURFACE 
CONDENSERS 
MARINE Mounted on 
and Combined Air 
STATIONARY and 
Circulating 
SERVICE. Pate: 


PROPRIETORS AND MANUFACTURERS OF 


WHEELER STANDARD SURFACE CONDENSER; WHEELER ADMIRALTY 
SURFACE CONDENSER; WHEELER LIGHTHALL SURFACE CONDENSER; 
VOLZ PATENT SURFACE CONDENSER AND FEED WATER HEATER ; 
EDMISTON PATENT FEED WATER FILTER. 


WHEELER’S PATENT FEED WATER HEATER 
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ssed tz, Officers of all Railroads | © “FRED PEARCE, 


(msUED QUARTERLY) THe POCKET LIST or "I , 
we aaa RAILROAD OFFICIALS _ Electrical, Steam and 


Advertising rates on application, ; | : 
RAILWAY EOUIPMENT ene wont) a : B—_Compressed Air 


| 








he Rail d Pri Ce | 
REGISTER 65s ole ealenrecrrie Compete Appetiks S tw 
Subscription Price, $5.00 per annam. Single copies, $1.00, he 
THE RAILWAY EQUIPMENT & PUBLICATION Co, 
24 Park Place, New York. 





St. Paul Building, 
New York. 














Trimo Giant Pipe Wrench 


The strongest, safest and most 
durable Pipe Wrench in the 
world. Made and adapted for 
all kinds of work as well as 
hard or rough usage. Send for 
catalogue of Trimo tools. 


TRIMONT TIANUFACTURING CO., Roxbury, Mass. 
FOR SALE BY ALL JOBBERS. 
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/ COMPRESSED AIR | | 
} INSTALLATIONS.... {-Ompressed Air. 


‘ Practical information upon Air-Compression 
SUPERINTENDED. 


and the Transmission and Application 
‘ of Compressed Air. 
£ Railroad and Other Plants Equipped. 

Compressed Air Transmission. 


eats 


By FRANK RICHARDS. 12m0, cloth, $1.50 
John Wiley & Sons, New York. 


I am prepared to report on engineering ( 
BOB DES ESE SE OE ODES DE SE OES OES 1 OHS SE 


) questions connected with compressed air { 
COLD STORAGE PROBLEMS 


propositions in manufactories, contract work, 

railroad machine shops and any other enter- 

prise that now uses hand or other power. s 

> 1 make a specialty of enumerating the uses Are fully discussed in my pamphlet 

of air power, devising means for their main- 

tenance and supervising their installation. ¢% .%.% Eggs in Cold Storage. %% 
Ten years practical experience in build- 4 

ing and operating air motors. I solicit @ A book of about 100 pages, containing 

correspondence with street and suburban rail- much data and the results of many experi- 

Pway companies contemplating change of ments. Senton receipt of 10 cents in stamps. 


motive power. MADISON COOPER, 
HENRY D. COOKE, 45 Broapway, N. Y. Refrigerating Engineer, Minneapolis, Minn. 
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entitled 


“LIQUID AIR” 


WACATING | {See 


AN INDUSTRIAL REVIEW 


The Engineering Magazine has been aptly described as 


AND THE 


= 
= LIQUEFACTION or GASES. 
3 PRICE, $2.50. 


"* The Century of the industrial world and the Review of 
Reviews to eugineciing literature —the two in one.”” Its 
leading articles treat the subjects uppermost in importance 
% jn industrial affairs. Its contributors include the foremost 
; men of oyr.temes. It gives each month an. exhausiive 
Review and Index to the wmld-wide ramge of technical 
literature — American, English, French, and German. It 
is read in every nook and corner of the civilized world. It 
is founded upon the idea of ing the requi of the 
and brainy men who manage, think, and plan for the 
engineering. architectural, electncal, railroad, mining, and 
‘mechanic7! industries. It has a larger bona-fide circu- 
lation among such men than has ever attained by an 
engineering journal in all the history of industrial literature. 
It 1s priceless to the active man who needs to keep in touch 
with current developments. Its every page carries a living 
amterest for intelligent readers who are in any way con- 
cerned with modern industrial enterprises. Its subscribers 
are its warmest advocates and the. Magazine itself is its 
best solicitor. Sample copy free. - 


30 Cents a Number; $3.00 a Year. NORMAN W. HENLEY & Co., 
THE ENGINEERING MAGAZINE, : PUBLISHERS, 


~ $20-122 Liberty St., New-York, U.S.A. 132 NASSAU ST. NEW YORK. 
' ; , ENN SUVVYVVYVYVYVYVYVYVYVYVOVIVOV EVV IY YTYV IVT NV ITTY YrE? 


It is a logical explanation and application of 
the princip es of liquefaction, a history of the 
theory, discovery and manufacture of liquid air. 

A book that renders simple one of the most 
perplexing chemical problems of the century. 
Startling developments illust:ated by actual 


| 
: 
experiments. E 
| 





eventeen absorbingly interesting chapters. 
360 pages. profusely illustrated, Copious index 
to subjects. Octuvo. Printed on excellent 
S paper. 

Copies prepaid to any address on receipt of 
price, or special circular of contents sent on 
requcst. 

3 Our 96 page catalogue of scientific and practi- 


cal books sent free on request. 
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SEND FOR CATALOGUE. 
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FAIRBANKS, MORSE & CO., 


’ ST. LOUIS, ST. PAUL, 
CLEVELAND LOUISVILLE, MINNEAPOLIS, 
CINCINNATI, KANSAS CITY, DENVER, 
INDIANAPOLIS, OMAHA, SAN FRANCISCO. 
LOS ANGELES, PORTLAND, ORE. 
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COMPRESSORS 


40 STYLES 300 SIZES 




















Covering ina practical way the varied requirements of 
Coupressed Air practice. High Pressure, Compound and 
— Sing e Stage Air Compressors, 

Used in Liquid Air production, Street Railways, Machine 
Shops, Water Works, Ship Building, Switching and Signa)- 
ing and all the other applications of Compre essed Air consid 
ered practical and ecenomical. Offices in all parts of the 
world. Classified literature on all C ompressed Air subjects. 
Complete Catalogues of Air Compressors, Rock Drills, 
General Mining and Tunneling Machinery, etc. 


INGERSOLL-SERGEANT 


DRILI CO., 














Havemeyer Blidg., New York. 
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CLAYTON AIR COMPRESSORS 





For and every 
Operating other 
Pneumatic purpose to 


which 
Compressed 
Air 


can be 


Shop Tools 
Hoists, Etc. 
Air Lift 
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applied. 





CLAYTON AIR COMPRESSOR WORKS, 
CATALOGUE, 26 Cortlandt Street, NEW YORK. 
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